A b s t r a c t. This article deals with energetic evaluation and potential of pomace -a waste product originating during production of grape wine. Calorimetric analysis of 19 grapevine varieties was performed in 2013 and 2014. The aim was to specify their combustible limit and the gross calorific value. The evaluations were performed on pristine pomace, pomace without seeds, and only on seeds themselves. The results obtained imply that pomace is an interesting energetic resource with a gross calorific value of 16.07-18.97 MJ kg 
A b s t r a c t. This article deals with energetic evaluation and potential of pomace -a waste product originating during production of grape wine. Calorimetric analysis of 19 grapevine varieties was performed in 2013 and 2014. The aim was to specify their combustible limit and the gross calorific value. The evaluations were performed on pristine pomace, pomace without seeds, and only on seeds themselves. The results obtained imply that pomace is an interesting energetic resource with a gross calorific value of 16.07-18.97 MJ kg ; on the contrary, seeds alone had the highest calorific values of 19.78-21.13 MJ kg -1 . It can be assumed from the results of energetic evaluation of pomace in Czech Republic conditions that, by purposeful and efficient usage of pomace, 6.4 GWh of electric energy and 28 GWh of thermal energy can be generated.
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INTRODUCTION
The development of renewable energy sources has emerged as a desirable policy towards enhancing the fragile global energy system with its limited fossil fuel resources and diminishing related environmental problems (reducing greenhouse gas emissions).
In recent years, waste biomass has become a very important alternative in energy production. Its utilization includes a wide range of potential thermochemical, physicochemical, and bio-chemical processes. The use of biofuels has also its disadvantages, for example, high humidity, high costs, and complicated logistics during biomass transport (Hamelinck et al., 2005) .
Renewable energy sources play a pivotal role in the current global strategies for reducing greenhouse gas emissions and partially in the endeavour to replace fossil fuels. Reserves of fossil fuels, such as oil, gas, and coal are the main sources of energy, spread over only a small number of countries, thus forming a fragile energy supply that is expected to reach its limit within the foreseeable future (Iakovou et al., 2010; Yamamoto et al., 2001) .
Global warming has emerged as a critical issue for the international community. Developed countries had been required to reduce their greenhouse gas emissions below levels specified for each of them until 2012. At the same time, the European Commission has set mandatory targets for Member States of the European Union (EU) to reduce their greenhouse gas emissions honouring their commitments up to 2020. Furthermore, the EU has emerged as a global leader in limiting carbon dioxide emissions by establishing the European Union Emission Trading Scheme (EU ETS), the largest cross-national, emissions trading scheme in the world. The recently published Directive 2009/29/EC aims to further improve and extend the greenhouse gas emission allowance trading scheme of the community by further strengthening the incentives for the increased use of alternative energy sources (Allen et al., 1997; Iakovou et al., 2010) .
Conversion of waste biomass and organic substrates into energy includes a wide range of different types and sources of biomass, conversion options, end-use applications, and infrastructure requirements (Grassi and Bridgwater, 1990; Karagiannidis et al., 2009 ). Many of the processes are suitable for either the direct conversion of biomass or the conversion of intermediate types of biomass. Factors that influence the choice of a conversion process include the type and quantity of biomass feedstock and the desired form of the produced energy ie end-use requirements, environmental standards, economic conditions, and other project-specific factors (Hulteberg and Karlsson, 2009) .
Biomass encompasses -among others -vegetation, energy crops, as well as biosolids, animal, forestry, and agricultural residues, the organic fraction of municipal waste, and certain types of different industrial wastes . From the global point of view, grapevine pressings, a by-product of wine industry, is a significant source of biomass. Organisation Internetionale de la Vignet et du Vin (OIV, 2009) estimates that there are over 66.5 million t of grapevines manufactured globally, with 38 million t in Europe. This means that only in European conditions approximately 8 million t of pomace are produced.
Pomace consists of 8% of seeds, 10% of foot-stalks and fractions of the stem, 25% of skins of pressed grapes, and 57% of marrow berries (Burg et al., 2014) . The amount and quality of produced pomace is influenced by various factors. Not only the species of wine, way of harvesting and manufacture, but also the chosen way of pressing can make a big difference (Bird, 2012; Hardie et al., 1996) . Solving the important questions concerning this alternative energy source has frequently become a subject of discussion lately.
The aim of this article is to evaluate the energetic potential of grape pomace and its weight and energetic ratio in Czech Republic conditions.
MATERIALS AND METHODS
In 2013 and 2014, analysis of 19 pomace from different grapevines was performed repeatedly -Grüner Veltliner (GV), Pinot Blanc (PB), Hibernal (Hi), Merlot (Me), Pinot Gris (PG), Palava (Pa), Rheinriesling (RR), Welsch Riesling (WR), Tramin (Sa), Pinot noir (PN), Lemberger (LE), Neronet (Ne), Alibernet (Al), Zweigeltrebe (Zw), Andre (An), Laurot (La), Cabernet Moravia (CM), Chardonnay (Ch), and Cabernet Sauvignon (CS). Pomace was supplied by winegrowing subjects in Bohemia (Mělník, Žernoseky) and Moravia (Znojmo, Velké Bílovice, Strážnice).
Evaluation of various species of pomace -pristine, without seeds, and only on seeds themselves -was made during the analysis. These variations were chosen specifically, because lately there has been an increasing demand for seed separation and their consecutive manufacturing (oils, extraction of biologically active substances), which yields a secondary product -seedless pomace (Jackson, 2008) .
Evaluation of dry mass was made on all samples according to norm ČSN EN 14346:2007. Muffle furnace LMH 07/12 was used to assess dry mass. Elementary composition of grape pressings was assessed with elementary analysis of single samples with TOC/TN analyzer unit multi N/C 2100S, furnace HT 1300, and gas chromatograph Trace GC ultra.
For assessment of the gross heating value, a calorimeter Anton Parr MCR 102 was used, and for exact assessment of weight of the incinerated sample, we used an analytical scale Ohaus Adventurer Pro AV264C. 
where: Q r s -gross heating value of the original sample (MJ kg -1 ), g -ratio of evaporation of 1% H 2 O (MJ kg -1 ), at temperature 25°C; g = 0.02442 MJ kg -1 , 8,94 -hydrogen to water conversion ratio of (-) W t r -total water content in the original sample (%), H t r -total hydrogen content in the original sample (%).
Program STATISTICA CZ 12 (StatSoft) was used to evaluate evidence of the differences. The statistical methods used included ANOVA (α=0.05) and a multidimensional statistical method -Cluster analysis, which classifies samples into groups (clusters), so that samples belonging to the same group are more similar than the objects of the other groups.
RESULTS AND DISCUSSION Table 1 shows the mean values of the elemental composition of the analysed pomace samples from white and blue grape vine varieties. The moisture of the analysed pomace samples after drying was in the range of 9.33-9.68%. (Fig. 1) , but in practice, the processing technology also has a significant role. Annamalai et al. (1987) Souček and Burg (2010) evaluated the calorific value of the waste product from another vineyard production, which is derived from winter cuttings of cut vines with humidity below 10%. The authors established calorific values for individual varieties between 14.39 and 16.66 MJ kg -1 . The lower calorific value of pomace after separation of seeds (14.60-17.75 MJ kg -1 ) and the highest calorific value of seeds themselves (19.78-21.13 MJ kg -1 ) can be explained by the energy content of valuable components, eg the oil contained in the seeds. The oil content in the seeds of the vine and the content of bioactive compounds in whole grapes are specific varietal characteristics, which also depend on the environmental conditions (Pardo et al., 
2009). For varieties of vines commonly grown in the Czech
Republic, this data is not yet available. According to literature, the proportion of oils in seeds varies between 5 and 20% of their dry weight (Ohnishi et al. (1990) , Baydar et al. (2007) , Tangolar et al. (2009) ). In terms of practical application, however, we cannot assume the possibility of using vine seeds for energy purposes. Also Berndes et al. (2003) concludes that the calorific value of botanical raw materials can increase the content of energetic valuable components, such as resin or oil.
The cluster analysis results presented in Fig. 2 show that the pomace of Riesling, Pinot Blanc and Pinot Gris grape varieties exhibit lower calorific values. This corresponds with the results of monitoring the number of seeds in each berry conducted by Boselli et al. (1995) and Skala (2011) . From 40 assorted varieties, most immature seeds were found in the Riesling and Pinot Gris varieties. For other varieties, the differences are not so significant.
The resulting calorific value suggests that in terms of energy utilization, pomace is an interesting material. When considering the practical use of grape pomace for energy purposes, it is necessary to specify the following steps -pomace collection from producers and delivery to incinerators, mechanical dehydration of pomace, pomace drying (using outlet heat), dried pomace final processing, storage, and dosing during incineration.
The findings were processed in a model diagram of the mass and energy balances for pomace from the Czech Republic, as suggested in Fig. 3 . In practice, pomace may be considered for energy recovery as originally constituted pomace or without seeds, which represent a common waste material generated annually in the processing of grapes. The cluster analysis results indicate a lower calorific value of the pomace for the Riesling, Pinot Blanc, and Pinot Gris grape varieties. For pomace of the other varieties in the original composition, the differences were not as significant, as demonstrated by the ANOVA test.
3. When planning the use of grape pomace for energy purposes, there is also a need to resolve a range of the other problems associated with the concentration of plantations, deployment of processing facilities, logistical problems and storage capacity, humidity, and pomace processing, etc. The results of the energy balance of processed grape pomace in the Czech Republic shows that 6.4 GWh year -1 of electric and 28 GWh year -1 of thermal energy can be gained annually. 
